Objective: The Society for Vascular Surgery Wound, Ischemia, foot Infection (WIfI) system aims to stratify threatened limbs according to their anticipated natural history and estimate the likelihood of benefit from revascularization, but whether it accurately stratifies outcomes in limbs undergoing aggressive treatment for limb salvage is unknown. We investigated whether the WIfI stage correlated with the intensity of limb treatment required and patient-centered outcomes.
Lower extremity neuroischemic wounds are increasing in prevalence, but the natural history of these patients remains poorly understood. 1, 2 Existing classification systems have been narrowly focused on limb ischemia, the extent of diabetic foot ulceration, or the presence of infection. [3] [4] [5] [6] [7] [8] The Society for Vascular Surgery (SVS)
Lower Extremity Guidelines Committee therefore recently proposed an integrated Lower Extremity Classification System for the Threatened Limb based on three major determinants of limb threat: wound severity, ischemia, and foot infection (WIfI) Each of these categories has four grades of severity (measured according to validated classification systems), which produces a grid with 64 possible clinical combinations. The integrated scores are used to assign a WIfI stage of 1 to 4 that reflects the overall degree of limb threat (Supplementary Table I , online only), with stage 5 representing a limb unsalvageable at presentation. The risk of limb amputation at 1 year in stages 1 to 4 and the estimated the benefit of revascularization across the spectrum of WIfI scores was estimated by a panel of experts using a Delphi consensus process (Supplementary  Table II , online only). 9 Early studies have validated the correlation of WIfI with limb loss at 1 year. 10, 11 However only one recent study has reported the intensity of surgical care required and outcomes in hospitalized patients with limb threat stratified by WIfI stage. 12 Therefore, the limb salvage rates that can be achieved in each WIfI stage in patients who undergo aggressive multimodal treatment have not been clearly defined. In addition, the benefit of revascularization on limb salvage within each Ischemia grade has not been well described. Furthermore, it is not known whether the WIfI system correlates with other important patient-centered outcomes, including wound healing, maintenance of ambulatory and independent living status, and mortality. A multidisciplinary limb preservation center (LPC) was developed at our regional tertiary referral hospital to treat patients with diabetic foot ulceration or critical limb ischemia, or both. We maintain a prospective database of inpatients and outpatients referred to our LPC. We sought to examine patient characteristics and comorbidities, wound and limb characteristics, foot and revascularization procedures performed, and outcomes stratified according to the SVS WIfI classification. The objective of this study was to determine whether WIfI stage correlated with intensity of surgical limb treatment, wound healing, limb salvage, maintenance of ambulatory and independent living status, and mortality. We also sought to compare limb salvage rates in each WIfI stage from our cohort to theoretic limb salvage rates proposed by the SVS WIfI panel.
METHODS
The study was approved by the University of Massachusetts Medical School Institutional Review Board. The need for patient consent was waived.
Patients. We retrospectively analyzed a prospectively maintained registry of consecutive patients with critical limb ischemia/diabetic foot ulceration treated at a single institution LPC between October 1, 2013, and May 31, 2015. The records of these patients were reviewed to identify demographics, comorbidities pretreatment functional status, wound characteristics, treatment directed at the threatened limb, including revascularization and foot procedures, and outcomes.
Application of the SVS WIfI classification system. Each limb presenting to the LPC was graded on three independent limb characteristics (Wound, Ischemia, foot Infection) based on strict adherence to the definitions outlined in the SVS WIfI classification system: Wound grade was assigned on a scale of 0 (no wound, ischemic rest pain) to 3 (extensive deep ulcer or gangrene); Ischemia was graded on a scale from 0 (none) to 3 (severe) based on ankle-brachial indices, pulse volume recordings, and toe pressures; and foot Infection was rated on a scale from 0 (uninfected) to 3 (severe) based on adaptation of the "perfusion, extend/size, depth/tissue loss, infection, sensation" (PEDIS) classification. The WIfI stage (1 to 5) of the limb was then determined based on the integration of the grades in a spectrum score that reflects the overall degree of limb threat (Supplementary  Table II , online only). A stage 5 WIfI score indicates a limb unsalvageable at presentation because of wound extent or severity of infection.
LPC care pathways and patient management. Care of patients referred to our LPC was directed by a vascular surgeon in collaboration with a podiatrist, nurse practitioner, and LPC registered nurse coordinator. Patients requiring direct hospital admission were managed by the vascular surgery service with podiatric and other specialty consultation as needed. Thrice-weekly inpatient limb preservation service rounds allowed integration of multidisciplinary care for inpatients. Inpatients were seen 1 to 2 weeks after discharge and monitored as needed until wound healing in the LPC clinic. Patients evaluated as outpatients and not requiring hospital admission were seen in the weekly LPC clinic staffed by all core team members. A diabetologist, infectious disease specialist, and plastic surgeon participated in the center for directed expeditious consultation for both outpatients and inpatients. Wound care was tailored individually, emphasizing Kaplan-Meier curves and log-rank tests were used to compare outcomes over time between WIfI stages. Unadjusted associations between the outcomes of wound healing and limb salvage with patient characteristics and comorbidities, wound and limb characteristics, and treatments received were investigated using univariate Cox proportional hazards models. Variables were considered in a multivariable model based on an a # .2 univariate association. Multivariable Cox models were used to assess which characteristics and comorbidities were independently associated with wound healing, limb salvage, and amputation-free survival. Analysis was conducted using SAS 9.3 software (SAS Institute Inc, Cary, NC).
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RESULTS
Patient characteristics
During the study period, 280 threatened limbs in 257 consecutive patients presented to our LPC. Two limbs were threatened in 23 patients, 15 of whom had limbs in different WIfI stages. Patients had a high incidence of comorbidities, including diabetes (84%) and chronic renal insufficiency (60%; Table I ). As the severity of WIfI stage increased, patients were more likely to be male, to be an active or former smoker, to have hyperlipidemia, to have end-stage renal disease, and to have decreasing body mass index and hemoglobin at presentation (Table I) . At baseline, 74% of patients ambulated without assistance, 16% ambulated with assistance, and 10% were wheelchair or bed bound. An increasing WIfI score was associated with a decreased baseline ability to ambulate without assistance (stage 1: 83% and stage 4: 67%; P ¼ .001, Table I ).
Wound and limb characteristics
A wound was present in 271 limbs (97%). Although the toes were the most common wound location (31%), there were a significant number of forefoot (22%), midfoot (16%), and hindfoot (18%), and ankle/leg wounds (14%) across all WIfI stages (Table II) . Most were grade 1 (35%) and grade 2 (51%), and 11% of limbs presented with grade 3 wounds. Limbs presented at varying levels of limb ischemia (grade 0: 26%, grade 1: 23%, grade 2: 16%, and grade 3: 35%). Likewise, the cohort included limbs with varying severity of foot infection (grade 0: 28%, grade 1: 32%, grade 2: 33%, and grade 3: 8%). Wound extent, the severity of limb ischemia, and the degree of foot infection each increased significantly with increasing WIfI stage (Table II) . Neuropathy was present in 67% of limbs and did not vary in prevalence among WIfI stages.
Procedures performed and clinical management
Revascularization. Overall, 106 limbs (39%) underwent revascularization. Endovascular revascularization was performed in 60 limbs, and open surgical revascularization was performed in 59 limbs, including combined open and endovascular interventions (hybrid procedures) in 15 limbs. The most common open revascularization was infrainguinal bypass (54%), although isolated femoral endarterectomy, aortobifemoral bypass, and extraanatomic inflow bypass were also performed (Table III) . The percentage of limbs undergoing any revascularization increased significantly with increasing WIfI stage. This was primarily driven by the Ischemia grade, as 57% of Ischemia grade 1 and 2 patients and 67% of Ischemia grade 3 patients underwent revascularization (Table IV) . Use of endovascular and open revascularization both increased significantly with increasing WIfI stage (Fig 1) . There was a strong trend toward a reduced amputation rate in Ischemia grade 2 patients and a significantly lower amputation rate in Ischemia grade 3 patients who underwent revascularization (Table IV) .
Foot and reconstructive operations. Operations included débridement of the foot (which excluded minor amputations) in 91 limbs (33%) and a minor amputation in 114 limbs (41%). The percentage of limbs undergoing minor amputation increased with increasing WIfI Age, mean (SD), years 65 (14) 62 (15) 67 (14) 66 (13) 66 (14) 63 (10) .53
Hispanic 24 (9.3) 3 (7) 7 (12) stage (Fig 1) , and the mean number of minor amputation procedures required per limb for each stage increased significantly with WIfI stage (Table III) . In addition, 44 limbs (16%) underwent a soft tissue reconstructive procedure by the plastic surgery service, which included split-thickness skin grafting and local, rotational, and free flaps. The use of soft tissue reconstruction did not vary according to WIfI stage (Fig 1) . Outpatient clinic management. During the course of follow-up, 139 limbs (50%) required five or fewer outpatient LPC clinic visits, 89 limbs (32%) required between 6 and 10 visits, and 51 limbs (18%) required >10 visits (Table III) Healing status was not known in 23 limbs of patients who were lost to follow-up or in whom documentation was inadequate to determine whether healing of the original wound occurred. Excluding the 25 stage 1 to 4 patients who required major amputation over follow-up, complete healing of the presenting wound was documented in 146 of 214 limbs (68%). The percentage of limbs achieving complete wound healing decreased significantly with increasing WIfI stage (Table V) . On Kaplan-Meier analysis, the 1-year estimated cumulative incidence of complete wound healing was 71%, with a median estimated time to complete healing of 142 days. There was a decreased rate of healing with increasing WIfI stage, but the difference in cumulative incidence of healing over time between stages was not statistically significant (log-rank, P ¼ .09; Fig 2) . were independent predictors of limb loss.
Ambulatory and independent living status. The ambulatory status of the entire cohort declined on follow-up compared with presentation (88% vs 92% ambulating; P ¼ .01, Table VI ). In particular, among stage 4 patients, the percentage of patients ambulating at follow-up (82%) was significantly decreased from the percentage ambulating on initial presentation (96%; P ¼ .003). The overall percentage of patients living at home on follow-up also declined compared with that at Fig 4) . Overall, 25 patients (9.8%) died during the follow-up period (Table V) . The overall survival rate was not different between WIfI stages.
DISCUSSION
Upon proposing the SVS WIfI Lower Extremity Threatened Limb Classification, the SVS Lower Extremity Guidelines Committee emphasized the need for ongoing validation of the WIfI system to determine whether it accurately stratified threatened limbs according to limb salvage and patient-centered (functional) outcomes. These results demonstrate that the WIfI classification correlates with the intensity of limb treatment and accurately predicts reduced limb salvage and amputation-free survival as well as diminished ambulatory and independent living status. However, compared with the limb salvage rates initially predicted by the SVS WIfI expert panel, we achieved higher rates of limb salvage in our cohort of patients with severe limb threat treated in a multidisciplinary LPC. 9 The WIfI system clearly correlates with intensity of treatment required to achieve limb salvage. Operative débridement of the foot or minor amputation was required in 74% of WIfI stage 1 to 4 limbs. Our findings are consistent with those of Causey et al, 12 who also reported that >70% of patients presenting to their amputation prevention program required podiatric foot procedures, at an average of 1.4 procedures per patient. Importantly, these data reinforce the aggressive use surgical débridement and minor amputation, along with revascularization when necessary, as the foundation of limb salvage. It should be noted that serial minor débridements performed in the office, although not captured as operative procedures in this study, are an important component of the limb preservation strategy, particularly in diabetic patients with neuropathy. In our experience, close outpatient follow-up after minor amputation and off-loading is crucial to ensure healing and prevent progression to major amputation. Accordingly, in our experience, half of patients required more than six LPC outpatient visits and almost onequarter required >10 visits. Furthermore, home wound care visits, though not counted as a clinic visit, are another important component of care. In addition, total contact casting for significant neuropathic ulceration and offloading with postsurgical shoes and custom orthotics are mainstays of therapy in our center.
WIfI stage also correlated directly with the need for revascularization. The proportion of limbs undergoing revascularization, 106 (39%), was higher than the 22% revascularization rate reported by Zhan et al 11 in their report of 201 consecutive threatened limbs and lower than that reported by Causey et al, 12 who used revascularization in 119 of 174 threatened limbs (71%) managed by a multidisciplinary amputation prevention team. In our cohort, the use of endovascular (n ¼ 60) and open revascularization (n ¼ 59) was equivalent, and the use of both increased significantly with increasing WIfI stage. The use of revascularization was driven primarily by Ischemia grade. Advanced WIfI scores in our cohort were often due to severe foot Infection and Wound grade, which explains the modest overall rates of revascularization. Furthermore, there was a statistically significant benefit to revascularization in Ischemia grade 3 patients and a strong trend toward benefit in grade 2 and grade 1 patients. These results confirm the utility of the recommendations of the SVS WIfI expert panel, who proposed that revascularization would be of greatest benefit in almost all Ischemia grade 3 patients and select grade 2 patients. The method of revascularization was at the discretion of the primary vascular surgeon, and type of revascularization was not significantly predictive outcome in our multivariate analysis of the predictors of wound healing and limb salvage. In our experience, open and endovascular revascularization are complementary modalities that were both critical to our high rate of limb salvage and should be tailored to the individual patient.
Although complete wound healing is the usually the goal of limb preservation therapy, the existing data on wound healing in patients with neuroischemic wounds are surprisingly sparse. Overall, complete healing was who demonstrated limb salvage rates of 95% and 80% in those with stage 3 and stage 4 WIfI, respectively. We propose that the excellent observed outcomes in the patients with the most advanced limb threat may be the result of aggressive limb care by a dedicated multidisciplinary team in an LPC. Early data support the positive effect of limb preservation teams, although further investigation is required to identify the crucial elements of optimal care of the threatened limb. [12] [13] [14] [15] WIfI stage significantly correlated with ambulatory and independent living status at presentation. However, only WIfI stage 4 was correlated with a significant deterioration in ambulatory or independent living status during the course of treatment. Stage 4 patients often underwent multiple vascular and foot surgical interventions with a longer course of outpatient wound care and prolonged immobility. This intensity of care might have contributed to the decline in functional status. We believe that this finding is helpful in counseling patients. Although the percentage of patients whose functional status declined is modest and the numbers are small, we believe that this finding encourages further investigation. A final outcome of particular importance is that increasing WIfI stage correlates with decreased amputation-free survival but does not correlate with mortality at 1 year, a finding consistent with two previous reports. 11, 12 Accurate and sensitive prediction of overall mortality requires the inclusion of risk factors that are better representative of systemic frailty and overall Comparison of status at presentation vs on last follow-up. c P ¼ .14 for comparison between stages of lived at home on last follow-up. cardiovascular risk, and these factors should be considered along with WIfI stage when assessing and making treatment decisions in patients with limb threat. Our experience indicates that an aggressive approach to limb salvage, even in the cases of most advanced limb threat, does not subject appropriately selected patients to undue mortality risk.
The primary limitation of this study was the inability to control for all potential confounders that might affect patient outcomes such as wound healing, limb salvage, and functional status. Although our LPC had protocols and uniform treatment was delivered by a relatively small care team, standardizing all limb care for all patients was impossible. In addition, as a single-center experience, it is impossible to generalize these results to all populations.
CONCLUSIONS
This analysis supports the WIfI classification system as a powerful tool to risk-stratify patients with threatened limbs according to expected patient-centered outcomes. Multicenter data on patients stratified via the SVS WIfI score and treated in centers dedicated to limb preservation would further clarify the expected patientcentered outcomes according to WIfI classification. 
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